To determine how the general public interprets surgical complication rates presented from a publicly available online surgical-rating website.
Introduction
Improving the quality of healthcare has long been a goal of physicians, payers, and patients alike. One proposed method of improving surgical quality and informed-decision making is increasing transparency of surgical outcomes [1] . This was first tried in 1990 for cardiac outcomes in the State of New York [2] , but in 2013, the NHS in England began publishing online surgeon-level outcomes data on a variety of operations, including surgical volumes and complication rates, based on clinical and administrative data [3] . In 2015 in the USA, a non-profit newsroom, ProPublica, published a 'Surgeon Scorecard' database, which publically presents surgical volumes and estimated complication rates for individual surgeons based on Medicare billing records [4] . This move towards transparency has several potential benefits to all interested parties including patients, doctors, and payers [5] . However, complication rates extracted from administrative data and reported at the surgeon level may have significant methodological flaws. Friedberg et al. [6] recently outlined a number of challenges with this approach, which may inappropriately attribute error to surgeons, may be unable to adequately adjust for hospital and patient factors that directly influence results; and has poor reliability and validity [7] . Furthermore, others have raised substantial concerns about the endpoints used to represent complications and the method by which they were extracted from Medicare records [8] . Although some researchers have found that the public reporting of complication rates does tend to improve procedure/surgery-related outcomes measured at the physician or hospital level, overall survival may be compromised because data suggests that public reporting may lead to rationing of care away from the very sick [9] .
Despite the clear limitations of the validity and reliability of these types of data, they do provide some potentially useful insights, where patients and payers have typically been left to make complex decisions in the absence of objective data. However, very little research has addressed how the general public may interpret these data and the potential harms that may come to patients by misinterpretation of these data. It is well established that between a third to one-half of American adults have a low level of health literacy and numeracy proficiency, and correctly interpreting and applying this type of information in complex decisions could pose a considerable challenge [10, 11] . This concern is compounded when taking into account that even statisticians and trained professionals often misinterpret these types of data [12] . But even more problematic than not understanding the data is drawing unsupported or overconfident conclusions from the data. This is a major concern, as even research and statistical professionals fall victim to these types of mistakes [13] . This problem is a concern in the Surgeon Scorecard, where the majority of surgeons have <50 cases for analysis and there is a well-described human tendency to perceive meaning and attribute causation in random conditions instead of accepting their incidental nature [14] . Finally, the inability to adequately comprehend health information has been shown to result in poorer health outcomes [11] .
Therefore, we set out to determine whether the general public is able to accurately interpret the data presented on an online surgical-rating website and appropriately use the data to make informed hypothetical healthcare decisions. Additionally, we measure the potential harms of any misinterpretation and characteristics of those who misinterpret the data.
Subjects and Methods
A survey was developed by the senior author (C.J.W.) and administered to a convenience sample of participants at The Minnesota State Fair in 2016. The survey was administered in person on a tablet computer. All individuals aged >18 years were eligible to voluntarily participate in the self-administered questionnaire and participants were given a nominal gift to participate (value $1.70.). Demographic data including age, education, gender, ethnicity, and zip code were collected. Zip code data were used to estimate rural (population <20 000) vs urban status, and median income using freely available data from the USA government [15, 16] . Participants were presented with a representative output from ProPublica Surgeons Scorecards (https://projects.propublica.org/). This scenario depicts the point estimate complication rates for three individual surgeons (A-C) on a single scale, with their numeric complication rates printed in the question stem (Fig. 1 ). Participants were also given the number of surgeries on which these point estimates were based on in the question stem. No information was verbally suggested. Participants were subsequently asked to make hypothetical healthcare decisions based on their interpretation of the graphic, including the willingness to pay out-of-pocket expenses in the case their insurance company would not cover Surgeon A or B. All participants were informed that their insurance company would only cover expenses of Surgeon C. Complication rates between all three surgeons were equivalent; that is, the CI for the risk difference crosses zero. Then they were asked to supply mathematical/statistical interpretations of the presented data by answering a series of multiple choice questions and proving a point estimate of the surgeon's complication rate. Their responses were compared to the true answers derived from either the question stem or by performing Z-tests. Responses were securely stored in a Research Electronic Data Capture (REDCap; Vanderbilt University, Nashville, TN, USA) database. Data were exported from REDCap for analysis with random spot checking to verify accuracy.
Data analysis was performed using JMP â Pro 12.0.01 (SAS Institute, Cary, NC, USA). Before analysis, normal distribution and homogeneity of variances were tested. Standard descriptive measures including mean and standard deviation (SD) for parametric data or median and interquartile range (IQR) were calculated for non-parametric data. Frequency tables of levels of each variable were used to summarise categorical variables. Chi-squared and Wilcoxon/ Kruskal-Wallis tests were used to compare differences of categorical and skewed continuous variables, respectively. Uni-and multivariate logistic regression models were generated to identify factors associated with willingness to pay out-of-pocket expenses. Covariates included in the multivariate regression model included: age, gender, minority status, rurality, highest level of education, a personal history of cancer, a family history of cancer diagnosis, and working in an healthcare setting. Income level and misinterpretation of presented data were also included as covariate in models predicting willingness to pay out-of-pocket. Statistical significance level was set at a P < 0.05. Ethical approval was granted by The University of Minnesota Institutional Review Board and informed consent was obtained from all participants.
Results
There were 392 responses that met inclusion criteria, of which 49 were incomplete for estimates of complication rates used to define 'misinterpreters' and excluded from analysis. Demographics of survey participants (n = 343) are outlined in Table 1 . The median age was 48 years; male to female ratio was 2:3; 59% of participants were college graduates, and ethnic distribution between Caucasians (85%) vs minorities (15%) perfectly mirrored that of the State of Minnesota [17] . There was no significant difference in characteristics between those who completed the survey and those who did not (data not shown).
Characteristics that Predict Surgeon Selection and Willingness to Pay Out-of-Pocket Expenses
When participants were asked to choose from three statistically equivalent surgeons (A-C; Fig. 1 ), the majority of participants felt they had enough information to make a decision and would select Surgeon A (n = 192, 56.0%), followed by Surgeon B (n = 30, 8.7%), and finally Surgeon C (n = 19, 5.5%). In the absence of any other information, Surgeon A would be the best choice for the lowest risk of complications, but these estimates are very fragile given the low surgical volumes. Only 29.7% (n = 102) felt that there was not enough information to make the decision. When the participants were told that their insurance company would only cover Surgeon C and asked whether they would be willing to pay out-of-pocket expenses, 60.9% (n = 209) said they were willing to pay on average $5 754 (SD $13 742), median $2 000 (IQR $1 000-$5 000) to switch surgeons. Univariable and multivariable analyses were constructed to characterise the demographic predictors of the willingness to pay to switch to a statistically equivalent surgeon (Table 2) . Those who were willing to pay to switch were more likely to be older (odds ratio [OR] 1.02, 95% CI 1.01-1.03), poorer (OR 1.81, 95% CI 1.07-3.11), previously had cancer (OR 5.9, 95% CI 1.9-25), and misinterpreted the data (OR 3.03, 95% CI 1.87-4.96) on multivariate analysis.
Misinterpretation of the Data
To determine if participants were able to correctly interpret the information, they were asked to estimate Surgeon B's and C's complication rates from Fig. 1 , where the rates were explicitly depicted at 3.0% and 3.6%, respectively. Only 15.2% (n = 52) of participants were correctly able to identify Surgeon C's complication rate. The mean (SD) predicted chance of post-surgical complication for Surgeon C by the participants was 25.0 (25.8)%, median (IQR) 15%, (3.6-50%) vs the true rate of 3.6%. Participants also had some difficulty interpreting Surgeon B's complication rate, with only 34.9% (n = 120) correctly interpreting the complication rate, with a mean (SD) estimate of 15.2 (18.7)% vs the true rate of 3.0%.
We used three definitions of misinterpretation of the actual complication rates ranging from the most stringent: exactly correct interpretation of the complication rates (Definition 1), partially correct interpretation (Definition 2), and very inaccurate interpretation (Definition 3). Most of the participants were unable to correctly interpret the data (n = 294, 85.8%). The inability to correctly identify either surgeon's complication rate, i.e. got both Surgeon B's and C's rates wrong, was the definition of misinterpretation 1 (Table 1) . In other words, only 14.2% (n = 49) could correctly identify both surgeons' complication rates. Some participants were able to identify at least one surgeon complication rate correctly, but the majority could not (n = 220, 64.1%) and were identified as misinterpreters by Definition 2 (Table 1) . These misinterpreters were more likely to be female (OR 1.6, 95% CI 1.1-2.6), and were less well educated (OR of graduating from college 0.57, 95% CI 0.35-0.92) on multivariate logistic regression. Participants from a minority group were also more likely to be classified as misinterpreters using Definition 2 (OR 2.08, 95% CI 1.01-4.27). There were no significant associations between being able to correctly identify the complication rate from this graphical display and the following characteristics: age, rurality, previous personal history of cancer, family history of cancer diagnosis or whether the participant worked in healthcare (data not shown). Participants who judged it worthwhile to pay to switch surgeons were more likely to be misinterpreters by Definition 2 [OR 1.7, 95% CI 1.1-2.7]. In other words, those who were able to correctly interpret the complication rates were less likely to find value in paying to switch.
Those who were willing to change providers at their own expense were much more inaccurate in their estimates of Surgeon B's and C's complication rates, average estimate was 17.5% vs 11.5%, respectively (vs true rate 3.0%, P = 0.003) and 30.6% vs 16.4%, respectively (vs true rate 3.6%, P < 0.001), respectively.
Although most respondents overestimated Surgeon B's and Surgeon C's complication rates, nearly half of respondents (48.6%, n = 167) overestimated Surgeon C's complication rate by at least five-fold or more than 2 SDs from the true estimate (Definition 3, Table 1 ) using the Jeffreys interval to calculate CIs of proportions. Females (OR 1.9, 95% CI 1.2-3.1) and those who did not attend college (OR 2.1, 95% CI 1.3-3.4] were more likely to extremely misinterpret the data presented. Extreme misinterpreters were also much more likely to be willing to pay out-of-pocket expenses to switch surgeons (relative risk 1.6, 95% CI 1.3-1.9). Participants who worked in the healthcare field were less likely to overestimate the complication rate >five-fold (OR 0.54, 95% CI 0.30-0.96). Other demographic variables were not associated with extreme misinterpretation (data not shown).
Participants who were classified as extreme misinterpreters were more likely to elect to change surgeons even at personal expense (OR 3.3, 95% CI 2.1-5.2, P < 0.001) and were willing on average to pay a more money to do so, assuming out-ofpocket expenses of $0 for those not willing to pay to switch surgeons, mean $4 605 vs $2 131, median $1 000 vs $0 (P < 0.001). College-educated participants placed a similar dollar value to be able to switch surgeons regardless of whether they accurately interpreted the data or not ($4 692 vs $5 153, P = 0.54). However, those who did not attend college displayed a significantly greater disparity if they misinterpreted the data compared to those who perceived accurately ($8 188 vs $2 367, P = 0.03).
When participants were able to correctly interpret the data by each of these three definitions, they often preferred to not switch surgeons by a small majority, or in other words~50% preferred to switch and~50% preferred not to switch. But as the degree of misinterpretation grew by the three definitions, the desire to switch surgeons also grew and nearly 75% of the extreme misinterpreters found value in switching (Fig. 2) .
Overconfidence in Conclusions by Participants
Those who were willing to pay to switch, were much less likely to understand that the observed differences in point estimate complication rates amongst these three surgeons could be due to random error of measurement. Over the next 100 procedures, random variability would predict that Surgeon C has nearly a 50% chance of having an equivalent or lower complication rate compared to Surgeon A. However, those who were willing to pay to switch estimated there was only a 29% chance that Surgeon C would perform as well or better than Surgeon A in the next 100 procedures vs 38% amongst those who would not pay (true probability 44%, P = 0.003). In an identical pattern, when asked to approximate the probability that Surgeon C's performance over the next 100 procedures would be equivalent or better than Surgeon B's, the mean estimate was 41.8% for those who would pay vs 48.6%, whereas the calculated likelihood that the difference in depicted complication rates was due to chance using a Z-test was 49.2% (P = 0.004).
Moreover, using a Z-test to compare differences in complication rates, it was found that to have a high level of confidence that switching surgeons would result in a decrease in complication risk from Surgeon C to B (that is, the 95% CIs for the difference in complications do not cross zero) the point estimates presented would have had to be calculated from a sample of at least 5 127 procedures for each surgeon. The latter calculation was performed at the 0.05 significance level. If this is relaxed to 0.5 then the sample for each surgeon would still have to be ≥575 operations to ensure at least 50% confidence that switching surgeons would lead to a reduction in risk.
Discussion
There has been an explosion of online health resources in recent times with the hope that increased accessibility to health information will improve the general knowledge-base and thus empower individuals to manage their own health [18, 19] . Projects such as ProPublica Surgeon Database, BAUS Surgical Outcomes Audit and Consumers' Checkbook were conceived with similar intentions. Whilst open-access to this type of data is a momentous achievement, it is imperative that the data are valid, that it measures what it purports to measure, that it is adequately risk adjusted, and is presented in a clear format in order to achieve those goals [20] . The findings from our present study suggest that the current style of data presentation adopted by ProPublica to report individual surgical complication rates is not easily comprehended by the general population. While it would nevertheless be concerning that only 15.1% of survey participants were able to accurately deduce the risk of postsurgical complication despite the point estimate being explicitly published; it is even more alarming that nearly a third of respondents over-estimated complications >10-fold. This magnitude of misinterpretation raises considerable questions as to whether the database is improving transparency, as it is intended, or further obscuring an already complex domain.
To our knowledge, the present study is the first to demonstrate the potential financial harm inflicted on patients due to misinterpreting publicly reporting surgical complication databases. Not only did misinterpreters not grasp the uncertainty of small number estimates, but they were also more likely to switch providers, and be willing to pay an average of $6 494 out-of-pocket to do so. This represented an estimated 21.6% of their median annual income. Furthermore, participants who were not college educated and have previously been shown to be more likely to misinterpret information, had a significantly lower median income (P = 0.002), meaning the financial ramifications of misinterpreting information would be magnified in certain vulnerable groups. If there was a true tangible difference between providers then it could be contended that paying out-of-pocket expenses may be a reasonable price. However, it may be difficult to justify foregoing a considerable portion of income for only a <1% chance of improving health outcomes, especially as the perceived gain is far overestimated by most of the surveyed general population. It is important to acknowledge that there was a subgroup of participants who were not misinterpreters but were willing to switch surgeons at their own expense anyway despite an apparent Fig. 1 (correct if between 0% and 18%) .
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© 2018 The Authors BJU International © 2018 BJU International understanding of the volatility of the data presented. Furthermore, aside from financial injury, inability to clearly comprehend health information can be detrimental to health outcomes. For example, some patients may be unwilling to pursue surgery at all if they perceive greater than expected risk. In a similar study assessing interpretation of drug sideeffect profiles between different data layouts, Peters et al. [21] reported that those individuals who misinterpreted the risk of an adverse effect were less willing to take the hypothetical cholesterol medication, which would subsequently increase the likelihood of significant medical disease in the future [22] . This exemplifies the importance of presenting information in manner that is easily understandable in order to prevent unfavourable sequelae secondary to inaccurately perceived risk.
The overestimation of relative complication rates and inability to grasp the uncertainty of the presented estimates appear to be driving the desire of participants to switch surgeons and pay to do so. Nearly half of respondents over-estimated Surgeon C's complication rate by more than five-fold and expectedly this group was more willing to pay out-of-pocket to switch surgeons, as they were under the impression that Surgeon A's complication rate was markedly lower, although the true difference was marginal. The phenomenon of overestimating risk is well recognised in the medical field, with previous examples including women's perception of breast cancer risk and surgical risk perceived by patients undergoing cholecystectomy [23, 24] . Women in the former example over-estimated their risk of dying from breast cancer by >20-fold and the effectiveness of screening by >10-fold. Women who were younger and had a family history of cancer were more likely to misinterpret information [25] . Slovic [26] suggests that threats that are perceived to be prevalent, severe and difficult to control are associated with higher levels of risk. Furthermore, the difficulty in grasping uncertainty of data has an influence on both the perceived risk and reliability of data [27, 28] . These difficulties in understanding risk estimates, at least partly contribute to making an ill-informed decision, which can result in financial harm. It is therefore important to explore modes of data presentation that are more easily understood and facilitate comparisons between providers, e.g., such as reporting CIs on absolute risk differences between two surgeons, or even more basic, the probability of lowering risk by switching surgeons or hospitals.
One of the limitations of the present study is its applicability to the general population, as participants were recruited from a single setting. The proportion of participants in the cohort who were college educated (59.2%) compares favourably to the national (29.8%) and State (33.7%) average reported by the USA Census Bureau. Thus, it can be insinuated that, despite the variable relationship between education and literacy, our present study has more likely underestimated misinterpretation rates relative to the wider community [29] . Additionally, even though the surgeons' performance was statistically equivalent, it is possible that some participants chose to switch surgeons based on volume and we were unable to account for this. Given the small absolute difference in volume between surgeons it is unlikely that this was the motivating factor to switch providers. Furthermore, the instrument completed by participants is not validated. However, the data used were directly obtained from the Surgeon Scorecard database and reflects the real-world setting, as the general public often makes similar interpretations and decisions based on the data available on the website.
Conclusion
The information presented in online surgical-complication websites are misinterpreted by a considerable proportion of the general population. Failing to appropriately gauge risk of surgical complications and uncertainty of complication rate estimates from small numbers may have significant financial ramifications, and may disproportionally impact individuals from vulnerable groups such as the elderly, the poor, those with a history of cancer, and those who were unable to properly interpret publicly reported surgical outcomes.
